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要　旨
本研究の目的は、関連した文献から１）サッカー選手の血清脂質およびリポタンパク質に関する横断
的研究を食事や栄養素等摂取量、肥満、喫煙、アルコール摂取量、月経周期、競技ポジションなどの潜
在的な交絡因子を含めて検討し、２　 ）９０分間のサッカー競技の血清脂質およびリポタンパク質に対する
急性効果、３　 ）競技者やレクリエーションとして行っている者の定期的なサッカートレーニングが血清
脂質およびリポタンパク質に対する効果につい検討することである。サッカー選手の血中脂質における
最も一致した見解は、高比重リポタンパクコレステロール（HDLC）が対照群よりも高値を示すことで
ある。血中脂質およびリポタンパク質における９０分間のサッカーの試合の急性効果に関する研究では、
特に血漿量の変化を補正する必要がある。定期的なサッカートレーニングを行えば、異なる年齢層にお
いて総コレステロール、トリグリセリド、低比重リポタンパクコレステロール（LDLC）を減少させ、
HDLC を増加させることができる。訓練していない男女のレクリエーションとしてのサッカートレー
ニングにおける血中脂質への効果に関する最も一致した見解は、LDLC および/または LDLC/ HDL
C 比が低下することである。サッカー選手における血中脂質およびリポタンパク質の変化は、リポタン
パク質リパーゼ、レシチン：コレステロールアシルトランスフェラーゼおよび肝性リパーゼの活性レベ
ルの変化によるものである可能性が考えられる。サッカー選手における今後の研究は、血中脂質および
リポタンパク質が変化するメカニズムに向けられる必要がある。これらの研究では特に知見が不足して
いる女性や青年、若年成人に焦点を当てるべきである。
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Abstract
The purpose of this study was to review the related literature to examine: １）cross-sectional 
studies on serum lipids and lipoproteins in soccer players in the context of the potentially confounding 
factors such as dietary and nutritional intakes, obesity, cigarette smoking, alcohol intake, menstrual 
cycle, and playing positions in soccer, ２）acute effects of ９０-min soccer match, and ３）effects of regular 
soccer training on lipid parameters in competitive and recreational soccer players.　The most con-
sistent observation regarding cross-sectional studies on lipid profile in soccer players is significantly 
higher high-density-lipoprotein cholesterol （HDLC）than the controls.　Research on the acute 
effects of ９０-min of soccer match on the blood lipids and lipoproteins needs further attention, par-
ticularly it should correct plasma volume shifts.　Participation in regular soccer training could de-
１.　Introduction
Good performance in soccer consists of 
many factors, including excellence in games 
skills, cognitive abilities to make correct deci-
sions within the game, moderate to high aero-
bic and anaerobic power.１５）　 It is esti- 
mated that the total distance covered during 
a ９０-min game amounts to about １０ km.６，７）　
Thus, running plays an essential role in soccer 
training and matches.８）　One study９）investi-
gated the effects of specific aerobic training, 
４ times ４ min at ９０９５ maximal heart rate
（HRmax）, with a ３ min jog between, twice per 
week for ８ weeks, on performance during soc-
cer match and soccer specific tests.　The re-
sults showed that enhanced aerobic endurance 
in soccer players improved soccer performance 
by increasing the distance covered, enhancing 
work intensity, and increasing the number of 
sprints and involvements with the ball during 
a match.
It has been reported that aerobic training 
increases high-density lipoproteins cholesterol
（HDLC）and decreases triglycerides（TG）
and/or low-density lipoproteins cholesterol
（LDLC）.１０１６）　It has also been reported that 
active people in comparison with sedentary 
people tend to show lower total cholesterol
（TC）and TG and/or higher HDLC.１７，１８）
Many of the studies on the lipids and lipo-
proteins in athletes primarily examined their 
relative endurance activities,１９２３） whereas the 
lipids and lipoproteins in soccer players, whose 
training schedule consists of aerobic and an-
aerobic exercises, is less known.
Soccer is traditionally played as １１ 
against １１ players（１１ vs １１）, but it is also con-
ducted as small-sided games, such as ３ vs ３, ４ 
vs ４, ５ vs ５, ９ vs ９.２４２９）　The aerobic demands 
in recreational soccer are roughly similar to 
those in elite soccer training with periods of 
near HRmax values.３０３３）
The purpose of this study was to review 
the related literature to examine: １）cross-sec-
tional studies on serum lipids and lipoproteins 
in soccer players in the context of the poten-
tially confounding factors such as dietary and 
nutritional intakes, obesity, cigarette smok-
ing, alcohol intake, menstrual cycle, and play-
ing positions in soccer, ２）acute effects of ９０-
min soccer match on serum lipids and lipopro-
teins, and ３）effects of regular soccer training 
on serum lipids and lipoproteins in competitive 
and recreational（small-sided game）soccer 
players.　The potential mechanisms respon-
sible for the changes in blood lipids and lipo-
proteins are also discussed.
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crease total cholesterol, triglycerides, low-density-lipoprotein cholesterol（LDLC）and increase 
HDLC in soccer players of different age groups.　The most consistent observation regarding effects 
of recreational soccer training on lipid profile in both untrained men and women is significantly 
lowered LDLC and/or LDLC/HDLC ratio.　The changes in lipids and lipoproteins in soccer players 
could be caused by changes in activity levels of lipoprotein lipase, lecithin:cholesterol acyltransferase, 
and hepatic lipase.　Future research investigating blood lipids and lipoproteins in soccer players 
should direct research towards the underlying mechanisms for changes in blood lipids and 
lipoproteins.　These studies should, in particular, focus on women, adolescents and young adults 
since there is a paucity of information in the literature in this area.
Key words
lipids, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, soccer
２.　Confounding Factors
Although positive effects of physical ex-
ercise on serum lipids and lipoproteins have 
been obtained in numerous studies, results 
from cross-sectional studies become equivocal 
when several confounding variables, such as 
body mass, body composition, dietary habits, 
lifestyle, alcohol intake, and smoking, are 
considered.３４）　Thus, to evaluate blood lipids 
and lipoproteins in soccer players should pro-
vide sufficient control for the potential con-
founding effects of such variables.
２.１.　Nutrition
An adequate carbohydrate intake is im-
portant in soccer because significant glycogen 
depletion has been observed after soccer 
matches.３５）　Balsom et al.３６） reported that pre-
game muscle glycogen concentrations follow-
ing high carbohydrate diet were significantly 
higher than following low carbohydrate diet.　
Also, the players performed significantly 
higher（approximately ３３％）intensity exer-
cise in the game played following the high 
carbohydrate diet.　 Carbohydrate-electro- 
lyte solution ingestion improves endurance ca-
pacity during intermittent high-intensity 
running.３７）　Ali and Williams３８）reported that 
there was a ３％ reduction in skill perfor- 
mance from before to after exercise in the 
６.４％ carbohydrate-electrolyte solution trial, 
whereas in the placebo trial the decrease was 
１４％.　Individuals consuming a high-carbohy-
drate diet tend to show lower HDLC than 
those who consume a low-carbohydrate 
diet.３９，４０）　Japanese people have quite different 
dietary habits, which are characterized by a 
high carbohydrates intake, along with low 
protein and fat intakes,４１）than people living 
in Western countries.　Regarding soccer play-
ers, it has been reported that the mean per-
centage of energy from carbohydrate for the 
Japanese players（６２.７％）４２）was higher than 
Italian professional players（５５.８％）,４３）Puerto 
Rican Olympic players（５３.２％）,４４）elite Swed-
ish players（４７％）,３５） Danish players（４６.３％）,４５）
elite Spanish adolescent players（４５％）,４６）and 
professional Spanish female players（４４.３ 
％）.４７）　In addition to carbohydrate intake, 
saturated fatty acids, cholesterol, and excess 
caloric intake raise serum LDLC,４８）Consump-
tion of fruit and vegetables is inversely related 
to LDLC.４９５１）
２.２.　Obesity
Soccer players tend to show significantly 
lower percentage of body fat（％Fat）than the 
sedentary controls in male４３）and female.５２）　
A review article by Rico-Sanz５３）shows that the 
average ％Fat of outfield players is about 
１０％.　There appears to be little difference in 
％ Fat among the different outfield posi- 
tions, although midfielders tend to have lower 
％Fat.　％Fat of professional goalkeepers is 
about １３％.　Very few data is available for 
female players’ ％Fat, which is about １９％５２） 
to ２１％.５３）
Lean subjects, in comparison with their 
counterparts, tend to show lower TC, TG, and 
LDLC, and/or higher HDLC.５４５７）　It has 
been reported that ％Fat showed a significant 
positive correlation with TG and a negative 
correlation with HDLC after adjusting 
for age and maximal oxygen uptake（ V O２- 
・
max）.５８６０）　It has also been reported that body 
mass index（BMI）was positively related to 
LDLC and TG.６１，６２）
２.３.　Cigarette smoking and Alcohol intake
Although smoking rate in soccer players 
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has not been reported, some studies stated 
that they excluded smokers.６３，６４）　It has been 
reported that cigarette smoking was nega-
tively associated with HDLC and positively 
with TG, and smokers show significantly 
higher TG and lower HDLC and/or HDL２ 
C.６５６７）　Smokers tend to have a higher alcohol 
intake than non-smokers, and cigarette smok-
ing show a significant positive correlation 
with alcohol intake.６７，６８）　It has been reported 
that alcohol consumption was positively asso-
ciated with HDL, HDL２, and/or HDL３.６９，７０）　
Alcohol drinkers show a higher HDLC than 
non-drinkers.７１７４）
２.４.　Menstrual Cycle
Menstrual cycle can influence lipid 
metabolism.　 Estradiol increases TG and 
HDL２C.７５）　Estradiol changes across the men-
strual cycle, and an increase of HDLC at ovu-
lation in healthy women has been re- 
ported.７６，７７）　These changes in estradiol and 
HDLC have deterred many researchers from 
including women as study participants in or-
der to avoid complications in sample collection 
procedures during experimental protocols.７８）
２.５.　Playing Positions in Soccer
In soccer, differences in physiological de-
mands exist among offensive, midfield, and de-
fensive positions, based on a presumption of 
higher endurance demands on the more active 
midfield players,２） who showed signifi- 
cantly higher  V O２max compared with defense 
・
players.２，７９，８０）　It has been reported that  V O２- 
・
peak or  V O２max significantly increase after 
・
aerobic training.８１８５）　Also, soccer specific en-
durance training increase  V O２max.９，８６）　Aero-
・
bic training increases HDLC and lowers TG 
and/or LDLC.１０１６）
４.　Serum Lipids and Lipoproteins in Soccer 
Players
４.１.　Cross Sectional Studies in Men
　Ruiz et al.８７）investigated plasma lipids 
profile of ２８ swimmers, １７ volleyball players, 
２３ soccer players, and ２６ sedentary controls.　
All sport players participated in official 
national competitions.　 All groups were 
matched according to age, BMI, and nutri-
tional status.　However, exercise regimens of 
swimming（continuous, aerobic component＝
９５％, anaerobic component＝５％）, volleyball
（high intensity and intermittent, aerobic com-
ponent＝６０％, anaerobic component＝４０％）, 
and soccer（high intensity and intermittent, 
aerobic component＝７０％, anaerobic component
＝３０％）differ significantly.　 The results 
showed that the swimmers showed signifi-
cantly lower TC than the volleyball players, 
and significantly lower LDLC and apo B１００ 
and higher HDLC than the volleyball and soc-
cer players.　The swimmers also showed sig-
nificantly higher apo AⅠ than the other ３ 
groups.　The soccer players showed signifi-
cantly higher lipoprotein（a）than the other 
３ groups.　The results of this study showed 
that persons who practice sports involving a 
high level of physical exertion（volleyball and 
soccer players）had a less favorable lipid 
profile.　In contrast, swimmers had a more fa-
vorable lipid profile.　The authors concluded 
that stressful physical exertion can lead to ab-
normalities in plasma lipid profile.
　Giada et al.４３）examined ２０ professional 
soccer players and did not find any significant 
differences between the soccer players and the 
controls in terms of TC, TG, HDLC, LDLC, 
apolipoprotein（apo）AⅠ, AⅡ, B, CⅡ, C
Ⅲ, and E.　 Although the soccer players 
showed significantly lower ％Fat and alcohol 
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intake and higher energy intake, there were 
no significant correlations between lipid pa-
rameters and anthropometric or dietary vari-
ables in multivariate analysis when the 
subjects were considered as a whole.　Zanella 
et al.８８）also did not find any significant differ-
ences in lipid profiles（TC, HDLC, LDLC, 
VLDLC, TG, and apo AⅠ）between ２０ pro-
fessional players and ２０ controls.
　Lehtonen and Viikari８９）examined ２ Fin-
nish top class soccer teams; there were ２１ play-
ers in team A and １６ players in team B.　The 
team A had more aerobic exercise in their 
training program than the team B.　Control 
group was consisted ６１ healthy young men.　
There were no significant differences among 
３ groups in relative body weight（weight/ 
height－１００）and age.　Also, results of die-
tary questionnaires suggested food and etha-
nol intake habits were essentially similar in all 
groups.　The results showed that the players 
in the team A had significantly higher TC and 
HDLC than the players in the team B 
and significantly higher HDLC than the 
controls.　 There were no significant differ-
ences between the players in the team B and 
controls in lipid parameters.　Tsopanakis et 
al.９０）compared lipid and lipoprotein profiles 
of ９ Olympic sports players.　 The authors 
stated that all athletes had a normal diet, 
were nonsmokers, and did not receive any spe-
cial medication except certain vitamins（B, 
C, etc.）; the controls were similar.　All sub-
jects consumed no or very little alcohol.　The 
results showed that the soccer players had sig-
nificantly higher HDLC and lower LDLC 
than the controls.
　The above mentioned ２ studies８９，９０）showed 
that the soccer players had significantly 
higher HDLC and/or lower LDLC.　How-
ever, they did not measure HDLC sub- 
fractions.
　 Brites et al.６３）compared ３０male well 
trained soccer players and １２ sedentary 
controls.　 The soccer players engaged in a 
physical training program that consisted of ２０ 
hours of training and ６ soccer matches per 
week for at least １ year.　Both groups showed 
similar age, BMI, and waist/hip ratio.　The 
subjects were not taking any drug known to 
affect the lipid and lipoprotein metabolism.　
The subjects who were taking anabolic drugs, 
vitamins, or other antioxidants, or who were 
smokers were excluded from the study.　Etha-
nol intake was considerably less than ５０ g per 
week in all subjects.　 Dietary information 
was obtained with a food frequency ques- 
tionnaire.　 The quality, quantity, and fre-
quency of consumption of red meat, chicken, 
fish, eggs, vegetables, fruits, milk products, 
and soft drinks was similar in all subjects.　
The results showed that HDLC and HDL３C 
concentrations were significantly higher in 
soccer players compared with those in seden-
tary controls.　 Another study by Brites et 
al.６４）compared ３５ male well trained soccer play-
ers and １５ sedentary controls.　The subjects 
were matched by age, BMI, and waist/hip 
ratio.　Their training program, the subjects 
exclusion criteria, ethanol intake, and dietary 
habits were very similar to the previous 
study.６３）　The results showed that HDLC and 
HDL２C concentrations were significantly 
higher in soccer players compared with those 
in sedentary controls.
　The above mentioned cross-sectional stud-
ies in soccer４３，６３，６４，８７９０）just compared soccer 
players as a whole to sedentary controls.　
Imamura et al.,９１）using ３１ well trained male 
collegiate soccer players, divided into ２ groups: 
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１６ defenders and １５ offenders.　 They were 
compared with １６ sedentary controls.　 The 
subjects were all non-smokers and were not 
taking any drug known to affect the lipid and 
lipoprotein metabolism.　Dietary information 
was obtained with a food frequency ques- 
tionnaire.　There were no significant differ-
ences among ３ groups in BMI, alcohol con-
sumption, and intakes of fat, cholesterol, 
saturated fatty acid, polyunsaturated fatty 
acid, polyunsaturated and saturated fatty acid 
ratio, yellow and green vegetables, other vege-
tables, and fruits.　The results showed that 
the offenders had significantly higher HDLC, 
HDL２C, and apo AⅠ than the defenders and 
controls, whereas the defenders had the signifi-
cantly higher HDL２C than the controls.
　Although the results of the cross-sec-
tional studies in men are controversial, the 
most consistent observation regarding lipid 
profile in soccer players is significantly higher 
HDLC than the controls.６３，６４，８９９１）　 The 
higher HDLC concentrations in soccer play-
ers could be attributed to higher HDL２C６４，９１）
or HDL３C.６３）
　The divergent results obtained in these 
studies could be due to the differences in train-
ing status, cardiorespiratory fitness levels, nu-
trient intake, and variations in the frequency, 
duration, and intensity of training（aerobic 
and anaerobic components）, and/or other con-
founding factors as mentioned previously.
４.２.　Cross Sectional Studies in Women
Nishimura et al.５２）compared competitive 
female collegiate soccer players with age, body 
height and weight-matched controls.　 The 
subjects were all non-smokers and consumed 
very little alcohol.　The results showed that 
the soccer players had significantly higher se-
rum HDLC than the controls.　This study, 
however, did not measure HDLC sub- 
fractions.　 Also, the soccer players showed 
significantly higher energy, carbohydrate, 
protein, and raw meat intakes.　Furthermore, 
menstrual cycle periodicity was not examined 
in this study.
Research on the blood lipids and lipopro-
teins in female soccer players needs further at-
tention, particularly it should provide suf- 
ficient control for the potential confounding ef-
fects of factors as mentioned previously.
４.３.　Acute Efffects of ９０-Min of Soccer 
Match on Blood Lipids and Lipoproteins
Rahnama et al.９２）investigated the impact 
of a ９０-min match on lipid parameters of ２２ 
professional soccer players.　Lipid parameters 
were measured at rest and immediately after a 
９０-min soccer match.　 The results showed 
that TG significantly decreased and LDL sig-
nificantly increased in comparison with rest-
ing values.  Sotiropoulos et al.,９３）on the other 
hand, examined lipids changes after a soccer 
match in male amateur players whose habit-
ual training regiment consisted of ４５ times 
a week for about ７５９０ min per training 
session.　Also, to avoid any confounding ef-
fects of individualized nutrition, subjects fol-
lowed a balanced diet containing ５５％ car- 
bohydrates, １５％ protein and ３０％ lipid（av-
erage daily energy intake: ２,７８４±１５０ kcal）for 
six weeks before the study.　These authors re-
ported that HDL and apo A increased signifi-
cantly, while TC, LDL, apo B, TG, LDL/HDL 
ratio, TC/HDL ratio apo A/apo B ratio de-
creased significantly.　It is concluded that in-
termittent soccer match results in an acute 
antiatherogenic modification of lipid profile, 
possibly due to the high aerobic energy 
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expenditure.
The divergent results obtained in the 
above mentioned ２ studies９２，９３）could be due 
to the differences in training status（profes-
sional vs. amateur players）, cardiorespiratory 
fitness levels, nutrient intake, and variations 
in the frequency, duration, and intensity of 
training（aerobic and anaerobic compo- 
nents）.　In addition, these studies did not cor-
rect plasma volume shifts.　When blood lipids 
and lipoproteins are measured immediately af-
ter soccer match, a change in plasma volume 
may possibly result in an artificial inverse 
change in the measured lipid parameters. 
Plasma volume decreases during dehy- 
dration,９４）which are influenced by dura- 
tion and intensity of exercise and environ-
mental conditions.９５）　It has been shown that 
sweat losses during soccer training in cool en-
vironments were １.６９±０.４５ L（５ degrees C, 
８１％ relative humidity）９６）and １.６８±０.４０ L（６
８ degrees C, ５０６０％ relative humidity）,９７）in 
warm environment（２４２９ degrees C, ４６６４％ 
relative humidity）was ２.０３±０.４１ L,９８）and in 
hot environments were ２.１９±０.３７ L（３２±３ de-
grees C, ２０±５％ relative humidity）９９）and ３.１
±０.６ L（３４.３±０.６ degrees C, ６４±２％ relative 
humidity）.１００）
Bloomer and Farney１０１）examined ３ differ-
ent bouts of acute exercise of varying inten-
sity and/or duration and reported that 
plasma volume decreased significantly for all 
exercise bouts, with the greatest decrease 
noted ０ min post-exercise for sprint bouts（～
１９％）compared with aerobic exercise bouts
（～１１％）.　 As examined above, research on 
the ９０-min of soccer match on the blood lipids 
and lipoproteins needs further attention, and 
future research should include the use of ap-
propriate correction equations（e.g. Dill & Cos-
till, １９７４）１０２）for potential plasma volume shifts.
４.４　Effects of Soccer Training
４.４.１.　Elite Soccer Players
Manna et al.１０３）investigated the effect of 
training on physiological and biochemical vari-
able of Indian male soccer players of different 
age groups.　The players were equally divided
（n＝３０）into ４ groups: under １６ years（U１６y）; 
under １９ years（U１９y）; under ２３ years（U２３y）; 
and senior.　These subjects were selected from 
the training camps at Sports Authority of 
India.　 The training sessions were divided 
into ２ phases: preparatory phase for ８ weeks 
and competitive phase for ４ weeks.　The train-
ing program consisted of aerobic, anaerobic 
and skill development, and were completed ４ 
hours/day; ５ days/week.　The measurements 
were taken at baseline and at the end of pre-
paratory phase and competitive phase.　The 
results showed that, in comparison with baseli-
ne, HDLC increased significantly among the 
players of U１６y at the end of preparatory 
phase and competitive phase.　TC decreased 
significantly among the players of U２３y at 
the end of preparatory phase and among the 
players of U１９y and U２３y at the end of com-
petitive phase.　 TG decreased significantly 
among the players of U２３y at the end of pre-
paratory phase and among the players of 
U２３y and senior at the end of competitive 
phase.　LDLC decreased significantly among 
the players of U１９y at the end of preparatory 
phase and competitive phase.　These results 
indicate that participation in regular soccer 
training could decrease TC, TG LDLC and in-
crease HDLC in soccer players of different 
age groups. 
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４.４.２. Recreational Soccer
　Krustrup et al.１０４）examined the effects of 
regular participation in recreational soccer in 
３６ healthy untrained Danish men aged ２０４３ 
years. They were randomised into a soccer 
group（n＝１３）, a running group（n＝１２）and 
a control group（n＝１１）.　Training was per-
formed for １ hour, ２ or ３ times per week for １２ 
weeks; at an average heart rate of ８２％ of 
HRmax.　During the １２ week period, VO２max 
increased significantly by １３％ and ８％ in soc-
cer and running groups, respectively.　After 
the １２ weeks of training, fat mass was ３.０％ 
and １.８％ lower for soccer and running groups, 
respectively.　Only soccer group had an in-
crease in lean body mass（１.７ kg）and a de-
crease in LDLC（２.７ to ２.３ mmol/l）.　TC and 
HDLC did not change significantly.　 No 
changes in any of the measured variables were 
observed for controls.　These results indicate 
that participation in regular recreational soc-
cer training, organized as small-sided drills, 
has significant beneficial effects on physical ca-
pacity and LDLC for untrained men, and in 
some aspects it is superior to frequent 
moderate-intensity running.
　Randers et al.１０５）examined the effect of １２ 
weeks of small-sided street soccer（２.２ 
sessions/week）and fitness center training
（０.５ sessions/week）on physical fitness and 
cardiovascular health profile for homeless 
men.　Blood lipid profile was determined be-
fore and after the intervention period for ２２ 
soccer players and １０ controls.　During a ６０ 
min ４ versus ４ street soccer session, mean HR 
was ８２％ HRmax and HR was greater than 
９０％ HRmax for ２１％ of total time.　In soccer 
group,  V O２max was significantly elevated 
・
from ３６.７ to ４０.６ ml/min/kg after １２ weeks 
and incremental cycle test performance was 
significantly improved by ８１ seconds.　After 
１２ weeks, ％Fat（１９.４ to １７.５％）and LDLC
（３.２ to ２.８ mmol/l）were significantly lowered 
in soccer group.　The observed changes in soc-
cer group were significantly different from 
the controls and no intra-group changes oc-
curred for controls.　 These results indicate 
that the exercise intensity is high during 
street soccer, and regular street soccer train-
ing has significant beneficial effects on physi-
cal fitness and LDLC for homeless men.
　Krustrup et al.１０６）examined the cardiovas-
cular health effects of １６ weeks of recreational 
soccer training in untrained premenopausal 
women in comparison with continuous run-
ning training.　 Fifty healthy women were 
matched and randomized to a soccer（n＝２５）
or a running（n＝２５）group and compared 
with a control group（n＝１５）.　Training was 
performed for １ hour twice a week.　After １６ 
weeks,  V O２max was significantly elevated by 
・
１５％ in soccer group and by １０％ in running 
group.　Total fat mass significantly decreased 
by １.４ kg in soccer group and by １.１ kg in run-
ning group.　Although TC, HDLC, and LDL
C did not change significantly, LDLC/HDL
C ratio was significantly lowered in soccer 
group, but not altered in running group.　No 
changes were observed in controls.　These re-
sults indicate that participation in regular rec-
reational soccer training has significant 
beneficial effects on physical capacity and 
LDLC/HDLC ratio for untrained premeno-
pausal women, and is at the least as efficient 
as continuous running.
　The most consistent observation regard-
ing effects of recreational soccer training on 
lipid profile in both untrained men and women 
is significantly lowered LDLC and/or LDL 
C/HDLC ratio.
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５.　Potential Mechanisms
There are several possible mechanisms 
that could explain how soccer training and 
match changes blood lipids and lipoproteins in 
soccer players.　 They could be caused by 
changes in activity levels of several lipid-regu-
latory enzymes, which are lipoprotein lipase
（LPL）, lecithin:cholesterol acyltransferase
（LCAT）, and/or hepatic lipase.
５.１.　Lipoprotein Lipase
LPL hydrolyzes both chylomicron and 
VLDL on the vascular endothelium and gen-
erates precursor of HDL during lipolysis of 
TG-rich lipoproteins.１０７）　Thus, increase in 
this enzyme activity may increase HDLC and 
decrease TG.　Kantor et al.,１０８）using １０ well-
trained men, reported that LPL activity was 
nearly doubled after participating in a mara-
thon and suggested that increase in LPL activ-
ity probably mediated the increase in HDL 
C.　 Kiens and Richter１０９）investigated pro-
longed bicycle ergometer exercise to exhaus-
tion in ８ healthy young men and reported that 
muscle LPL activity significantly increased by 
７２％ compared with values before exercise.　
Herd et al.,１１０）on the other hand, examined ８ 
physically active men who cycled for ９０ min at 
６２.３％ of VO２max.　The results showed that 
muscle LPL activity did not change signifi-
cantly after exercise.  Harrison et al.１１１）also 
reported that muscle LPL activity did not 
change significantly in ８ moderately active 
men who cycled for ９０ min at ７０％  V O２peak 
・
followed by ten １ min full effort sprints inter-
spersed with １ min of resting recovery.
５.２.　Lecithin:cholesterol Acyltransferase 
activity
LCAT esterifies cholesterol on HDL, 
which is enriched with cholesteryl ester and be-
come larger, resulting in HDL３C and HDL２ 
C.１１２）　Thus, increase in this enzyme activity 
may increase HDLC.　Gupta et al.１１３）found 
increased LCAT activity in endurance athletes 
compared with that in controls.　Imamura et 
al.１１４）also found increased LCAT activity in 
rugby players.　Frey et al.１１５）found increased 
LCAT activity after a maximal aerobic stress 
test in both endurance-trained and sedentary 
groups.　Williams et al.１１６）reported that a one-
year running program did not significantly af-
fect mean LCAT-mass concentrations.　Wal-
lace et al.１１７）investigated the acute effects of 
high- and low-volume resistance exercise ses-
sions and found that LCAT activity was sig-
nificantly depressed ２４ h post-exercise fol- 
lowing the high-volume session.
Regarding soccer players, the above men-
tioned study by Imamura et al.,９１）reported 
that both offenders and defenders had signif- 
icantly higher LCAT activity than the 
controls.　Brites et al.,６４）on the other hand, 
did not find any significant difference between 
the soccer players and the controls in LCAT 
activity although the capacity to promote cho-
lesterol efflux was significantly higher in the 
soccer players than in the controls.　The diver-
gent results obtained in these studies could be 
due to the differences in training status, car-
diorespiratory fitness levels, nutrient intake, 
and variations in the frequency, duration, and 
intensity of training.
５.３.　Hepatic lipase activity
Hepatic lipase converts the large, TG-rich 
HDL２, back into small TG- and cholesteryl 
ester-poor HDL３C.１１２）　Thus, a decrease in he-
patic lipase activity could cause an increase in 
HDLC.　However, hepatic lipase activity has 
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never been investigated in soccer players.
The underlying physiological mechanisms 
for changes in lipids and lipoproteins remain 
inconclusive.　More research is needed to ex-
amine mechanisms that could explain how soc-
cer training changes blood lipids and lipo- 
proteins.
６.　Directions for Future Research
Future research investigating the lipid 
profile of soccer players should examine: １） 
differences between playing positions: defend-
ers and offenders, ２）acute effects of ９０-min 
of soccer match with correction of plasma vol-
ume shifts, and ３）chronic effects of highly 
skilled and recreational soccer training, direct-
ing research towards the underlying mecha-
nisms for changes in blood lipids and 
lipoproteins.　These studies should, in particu-
lar, focus on women, adolescents and young 
adults since there is a paucity of information 
in the literature in this area.
References
１） Reilly, T., Bangsbo, J., Franks, A.（２０００）“An-
thropometric and physiological predispositions 
for elite soccer.”　J. Sports Sci １８, PP.６６９６８３.
２） Wisløff, U., Helgerud, J., Hoff, J.（１９９８）
“Strength and endurance of elite soccer play- 
ers.”　Med. Sci. Sports Exerc ３０（３）, PP.４６２４６７.
３） Tumilty, D.（１９９３）“Physiological character-
istics of elite soccer players.”　Sports Med １６, 
PP.８０９６.
４） Al-Hazzaa, H. M., Almuzaini, K. S., Al-Re-
faee, S. A., Sulaiman, M. A., Dafterdar, M. Y., 
Al-Ghamedi, A., Al-Khuraiji, K.N.（２００１）“Aero-
bic and anaerobic power characteristics of Saudi 
elite soccer players.”　J. Sports Med. Phys. Fit-
ness ４１, PP.５４６１.
５） Mclntyre, M. C.（２００５）“A comparison of the 
physiological profile of elite Gaelic footballers, 
hurlers, and soccer players.”　Br. J. Sports Med 
３９, PP.４３７４３９.
６） Ekblom, B.（１９８６）“Applied physiology of 
soccer.”　Sports Med ３, PP.５０６０.
７） Bangsbo, J., Norregaard L., Thorso, F.（１９９１）
“Activity profile of competition soccer.”　Can. 
J. Sport Sci １６, PP.１１０１１６.
８） Hoff, J.（２００５）“Training and testing physical 
capacities for elite soccer players.”　J. Sports Sci 
２３, PP.５７３５８２.
９） Helgerud, J., Engen, L. C., Wisløff, U, Hoff, 
J.（２００１）“Aerobic endurance training improves 
soccer performance.”　Med. Sci. Sports Exerc ３３, 
PP.１９２５１９３１.
１０） Kodama, S., Tanaka, S., Saito, K., Shu, M., 
Sone, Y., Onitake, F., Suzuki, E., Shimano, H., 
Yamamoto, S., Kondo, K., Ohashi, Y., Yamada, 
N., Sone, H.（２００７）“Effect of aerobic exercise 
training on serum levels of high-density lipopro-
tein cholesterol.”　Arch. Intern. Med １６７, PP.９９９
１００８.
１１） Schubert, C. M., Rogers, N. L., Remsberg, K. 
E., Sun, S. S., Chumlea, W. C., Demerath, E. W., 
Czerwinski, S. A., Towne, B., Siervogel, R. M.
（２００６）“Lipids, lipoproteins, lifestyle, adiposity 
and fat-free mass during middle age: the Fels 
Longitudinal Study.”　Int. J. Obes.（Lond）３０, 
PP.２５１２６０.
１２） Yoshida, H., Ishikawa, T., Suto, M., Kurosa-
wa, H., Hirowatari, Y., Ito, K., Yanai, H., Tada, 
N., Suzuki, M.（２０１０）“Effects of supervised aero-
bic exercise training on serum adiponectin and 
parameters of lipid and glucose metabolism in 
subjects with moderate dyslipidemia”.　J Athe-
roscler Thromb １７, PP.１１６０１１６６.
１３） Altena, T. S., Michaelson, J. L., Ball, S. D., 
Guilford, B. L., Thomas, T. R.（２００６）“Lipopro-
tein subfraction changes after continuous or in-
termittent exercise training.”　Med. Sci. Sports 
Exerc ３８, PP.３６７３７２.
１４） Vislocky, L. M., Pikosky, M. A., Rubin, K. H., 
Vega-L pez, S., Gaine, P. C., Martin, W. F., 
Zern, T. L., Lofgren, I. E., Fernandez, M. L., 
Rodriguez, N. R.（２００９）“Habitual consumption 
of eggs does not alter the beneficial effects of 
endurance training on plasma lipids and lipo- 
protein metabolism in untrained men and 
192
Hiroyuki IMAMURA，Kazuto ODA，Keiko MIYAHARA，Kayoko MATSUO，Yoshitaka YOSHIMURA and Kazuhide IIDE
women.”　J. Nutr. Biochem ２０, PP.２６３４.
１５） Kraus, W. E., Houmard, J. A., Duscha, B. D., 
Knetzger, K. J., Wharton, M. B., McCartney, J. 
S., Bales, C. W., Henes, S., Samsa, G. P., Otvos, 
J. D., Kulkarni, K. R., Slentz, C. A.（２００２）“Ef-
fects of the amount and intensity of exercise on 
plasma lipoproteins.”　N. Engl. J. Med ３４７, 
PP.１４８３１４９２.
１６） Durstine, J. L., Grandjean, P. W., Cox, C. A., 
Thompson, P. D.（２００２）“Lipids, lipoproteins, 
and exercise.”　 J. Cardiopulm. Rehabil ２２, 
PP.３８５３９８.
１７） Panagiotakos, D. B., Pitsavos, C., Chryso-
hoou, C., Skoumas, J., Zeimbekis, A., Papaioan-
nou, I,, Stefanadis, C.（２００３）“Effect of leisure 
time physical activity on blood lipid levels: the 
ATTICA study.”　Coron. Artery Dis １４, PP.５３３
５３９.
１８） Skoumas, J., Pitsavos, C., Panagiotakos, D. 
B., Chrysohoou, C., Zeimbekis, A., Papaioannou, 
I., Toutouza, M., Toutouzas, P., Stefanadis, C.
（２００３）“Physical activity, high density lipopro-
tein cholesterol and other lipids levels, in men 
and women from the ATTICA study.”　Lipids 
Health Dis ２, P.３.
１９） Buyukyazi, G.（２００５）“Differences in blood lip-
ids and apolipoproteins between master athletes, 
recreational athletes and sedentary men.”　J. 
Sports Med. Phys. Fitness ４５, PP.１１２１２０.
２０） F ger, B., Wohlfarter, T., Ritsch, A., Lechleit-
ner, M., Miller, C.H., Dienstl, A., Patsch, J. R.
（１９９４）“ Kinetics of lipids, apolipoproteins, and 
cholesteryl ester transfer protein in plasma after 
a bicycle marathon.”　Metabolism ４３, PP.６３３ 
６３９.
２１） Lippi, G., Schena, F., Salvagno, G. L., Montag-
nana, M., Ballestrieri, F., Guide, G. C.（２００６）
“Comparison of the lipid profile and lipoprotein
（a） between sedentary and highly trained 
subjects.”　Clin. Chem. Lab. Med ４４, PP.３２２３２６.
２２） Kobayashi, Y., Takeuchi, T., Hosoi, T., Yoshi-
zaki, H., Loeppky, J. A.（２００５）“Effect of a mara-
thon run on serum lipoproteins, creatine kinase, 
and lactate dehydrogenase in recreational 
runners.”　Res. Q. Exerc. Sport ７６, PP.４５０４５５.
２３） V lim ki, I. A., Vuorimaa, T., Ahotupa, M., 
Kekkonen, R., Korpela, R., Vasankari, T.（２０１２）
“Decreased training volume and increased car-
bohydrate intake increases oxidized LDL 
levels.”　Int. J. Sports Med ３３, PP.２９１２９６.
２４） Hill-Haas, S. V., Coutts, A. J., Dawson, B. T., 
Rowsell, G. J.（２０１０）“Time-motion character- 
istics and physiological responses of small-sided 
games in elite youth players: the influence of 
player number and rule changes.”　J. Strength 
Cond. Res ２４, PP.２１４９２１５６.
２５） Owen, A. L., Wong del, P., Paul, D., Dellal, A.
（２０１２）“Effects of a periodized small-sided game 
training intervention on physical performance in 
elite professional soccer.”　J. Strength Cond. 
Res ２６, PP.２７４８２７５４.
２６） Kelly, D. M., Drust, B.（２００９）“The effect of 
pitch dimensions on heart rate responses and 
technical demands of small-sided soccer games in 
elite players.”　J. Sci. Med. Sport １２, PP.４７５４７９.
２７） Owen, A. L., Wong del, P., McKenna, M., Del-
lal, A.（２０１１）“Heart rate responses and technical 
comparison between small- vs. large-sided games 
in elite professional soccer.”　J. Strength Cond. 
Res ２５, PP.２１０４２１１０.
２８） Dellal, A., Hill-Haas, S., Lago-Penas, C., Cha-
mari, K.（２０１１）“Small-sided games in soccer: 
amateur vs. professional players’ physiological 
responses, physical, and technical activities.”　
J. Strength Cond. Res ２５, PP.２３７１２３８１.
２９） Dellal, A., Owen, A., Wong, D. P., Krustrup, 
P., van Exsel, M., Mallo, J.（２０１２）“Technical 
and physical demands of small vs. large sided 
games in relation to playing position in elite 
soccer.”　Hum. Mov. Sci ３１, PP.９５７９６９.
３０） Impellizzeri, F. M., Marcora, S. M., Castagna, 
C., Reilly, T., Sassi, A., Iaia, F. M., Rampinini, E.
（２００６）“Physiological and performance effects of 
generic versus specific aerobic training in soccer 
players.”　Int. J. Sports Med ２７, PP.４８３４９２.
３１） Hoff, J., Wisløff, U., Engen, L. C., Kemi, O. J., 
Helgerud, J.（２００２）“Soccer specific aerobic en-
durance training.”　Br. J. Sports Med ３６, ２１８ 
２２１.
３２） Krustrup, P., Christensen, J. F., Randers, M. 
B., Pedersen, H., Sundstrup, E., Jakobsen, M. 
D., Krustrup, B. R., Nielsen, J. J., Suetta, C., 
193
Blood Lipids and Lipoproteins in Soccer Players
Nybo, L., Bangsbo, J.（２０１０）“Muscle adapta-
tions and performance enhancements of soccer 
training for untrained men.”　 Eur J Appl 
Physiol １０８, PP.１２４７１２５８.
３３） Krustrup, P., Aagaard, P., Nybo, L., Petersen, 
J., Mohr, M., Bangsbo, J.（２０１０）“Recreational 
football as a health promoting activity: a topical 
review.”　Scand. J. Med. Sci. Sports ２０（suppl. 
１）, PP.１１３.
３４） Durstine, J. L., Grandjean, P. W., Davis P. G., 
Ferguson, M. A., Alderson, N. L., DuBose, K. D.
（２００１）“Blood lipid and lipoprotein adaptations 
to exercise: a quantitative analysis.”　Sports 
Med ３１, PP.１０３３１０６２.
３５） Jacobs I, Westlin N, Karlsson J, Rasmusson 
M, Houghton B.（１９８２）“Muscle glycogen and 
diet in elite soccer players.”　 Eur. J. Appl. 
Physiol. Occup. Physiol ４８, PP.２９７３０２.
３６） Balsom, P. D., Wood, K., Olsson, P., Ekblom, 
B.（１９９９）“Carbohydrate intake and multiple 
sprint sports: with special reference to football
（soccer）.”　Int. J. Sports Med ２０, PP.４８５２.
３７） Foskett, A., Williams, C., Boobis, L., Tsintzas, 
K.（２００８）“Carbohydrate availability and muscle 
energy metabolism during intermittent run- 
ning.”　Med. Sci. Sports Exerc ４０, PP.９６１０３.
３８） Ali, A., Williams, C.（２００９）“Carbohydrate in-
gestion and soccer skill performance during pro-
longed intermittent exercise.”　J. Sports Sci ２７, 
PP.１４９９１５０８.
３９） Merchant, A. T., Anand, S. S., Kelemen, L. E., 
Vuksan, V., Jacobs, R., Davis, B., Teo, K., 
Yusuf, S.（２００７）“Carbohydrate intake and HDL 
in a multiethnic population.”　Am. J. Clin. Nutr 
８５, PP.２２５２３０.
４０） McKeown, N. M., Meigs, J. B., Liu, S., 
Rogers, G., Yoshida, M., Saltzman, E., Jacques, 
P. F.（２００９）“Dietary carbohydrates and car- 
diovascular disease risk factors in the Framing-
ham offspring cohort.”　J. Am. Coll. Nutr ２８, 
PP.１５０１５８.
４１） Hirota T, Nara M, Ohguri M, Manago E, 
Hirota K.（１９９２）“Effect of diet and lifestyle on 
bone mass in Asian young women.”　Am. J. 
Clin. Nutr ５５, PP.１１６８１１７３.
４２） Noda, Y., Iide, K., Masuda, R., Kishida, R., 
Nagata, A., Hirakawa, F., Yoshimura, Y., Ima-
mura, H.（２００９）“Nutrient Intake and Blood Iron 
Status of Male Collegiate Soccer Players.”　Asia 
Pac. J. Clin. Nutr １８, PP.３４４３５０.
４３） Giada, F., Zuliani, G., Baldo-Enzi, G., Palm-
ieri, E., Volpato, S., Vitale, E., Magnanini, P., 
Colozzi, A., Vecchiet, L., Fellin, R.（１９９６）“Lipo-
protein profile, diet and body composition in ath-
letes practicing mixed and anaerobic activities.”　
J. Sports Med. Phys. Fitness ３６, PP.２１１２１６.
４４） Rico-Sanz, J, Frontera WR, Mole PA, Rivera 
MA, Rivera-Brown A, Meredith N.（１９９８）“Die-
tary and performance assessment of elite soccer 
players during a period of intense training.”　
Int. J. Sport Nutr ８, PP.２３０２４０.
４５） Bangsbo, J., Nørregaard, L., Thorsøe, F.
（１９９２）“The effect of carbohydrate diet on inter-
mittent exercise performance.”　Int. J. Sports 
Med １３, PP.１５２１５７.
４６） Iglesias-Guti rrez E, Garcia-Rov s PM, 
Rodr guez C, Braga S, Garc a-Zapico P, Patter-
son  M.（２００５）“Food habits and nutritional 
status assessment of adolescent soccer players. 
A necessary and accurate approach.”　Can. J. 
Appl. Physiol ３０, PP.１８３２.
４７） Gravina, L., Ruiz, F., Diaz, E., Lekue, L. A., 
Badiola, A., Irazusta, J., Gil, S. M.（２０１２）“In-
fluence of nutrient intake on antioxidant capac-
ity, muscle damage and white blood cell count in 
female soccer players.”　J. Int. Soc. Sports Nutr 
９, P.３２. doi: １０.１１８６/１５５０２７８３９３２.
４８） Grundy, S. M., Denke, M. A.（１９９０）“Dietary 
influences on serum lipids and lipoproteins.”　
J. lipid Res ３１, PP.１１４９１１７２.
４９） Djouss , L., Arnett, D. K., Coon, H., Province, 
M. A., Moore, L. L., Ellison, R. C.（２００４）“Fruit 
and vegetable consumption and LDL cholesterol: 
the National Heart, Lung, and Blood Institute 
Family Heart Study.”　Am. J. Clin. Nutr ７９, 
PP.２１３２１７.
５０） Singh, R. B., Rastogi, S. S, Niaz, M. A., 
Ghosh, S., Singh, R., Gupta, S.（１９９２）“Effect 
of fat-modified and fruit- and vegetable-enriched 
diets on blood lipids in the Indian Diet Heart 
Study.”　Am. J. Cardiol ７０, PP.８６９８７４.
５１） Singh, R.B., Ghosh, S., Singh, R.（１９９２）“Ef-
194
Hiroyuki IMAMURA，Kazuto ODA，Keiko MIYAHARA，Kayoko MATSUO，Yoshitaka YOSHIMURA and Kazuhide IIDE
fects on serum lipids of adding fruits and vege-
tables to prudent diet in the Indian Experiment 
of Infarct Survival（IEIS）.”　 Cardiology ８０, 
PP.２８３２９３.
５２） Nishimura, C., Imamura, H., Komatsu, Y., 
Tanaka, K., Hirae, C., Futagami, T., Yoshi- 
mura, Y., Shirota, T.（１９９５）“Physical fitness, 
blood properties, and nutritional intake of fe-
male college soccer players.”　J. Exerc. Sports 
Physiol ２, PP.１５９１６６（in Japanese with English 
abstract）.
５３） Rico-Sanz, J.（１９９８）“Body composition and 
nutritional assessments in soccer.”　Int J Sport 
Nutr ８, PP.１１３１２３.
５４） Ortlepp, J. R., Metrikat, J., Albrecht, M., 
Maya-Pelzer, P., Pongratz, H., Hoffmann, R.
（２００３）“Relation of body mass index, physical fit-
ness, and the cardiovascular risk profile in ３１２７ 
young normal weight men with an apparently 
optimal lifestyle.”　Int. J. Obes. Relat. Metab. 
Disord ２７, PP.９７９９８２.
５５） Nakanishi, N., Nakamura, K., Ichikawa, S., 
Suzuki, K., Tatara, K.（１９９９）“Relationship be-
tween lifestyle and serum lipid and lipoprotein 
levels in middle-aged Japanese men.”　Eur. J. 
Epidemiol １５, PP.３４１３４８.
５６） Schr der, H., Marrugat, J., Elosua, R.（２００３）
“Covas, M. I. Relationship between body mass in-
dex, serum cholesterol, leisure-time physical ac-
tivity, and diet in a Mediterranean Southern-
Europe population.”　Br. J. Nutr ９０, PP.４３１４３９.
５７） Taniguchi, A., Fukushima, M., Sakai, M., 
Kataoka, K., Nagata, I., Doi, K., Arakawa, H., 
Nagasaka, S., Tokuyama, K., Nakai, Y.（２０００）
“The role of the body mass index and triglyc-
eride levels in identifying insulin-sensitive and 
insulin-resistant variants in Japanese non-
insulin-dependent diabetic patients.”　Metabo-
lism ４９, PP.１００１１００５.
５８） Imamura, H., Matsubara, M., Minayoshi, M., 
Imai, M., Kunikata, K., Nakamura, S., Kobata, 
D., Morii, H.（１９９２）“A criterion for evalua- 
tion of obesity based on the relationship between 
percent body fat and medical examination 
parameters.”　Jpn. J. Phys. Fitness Sports Med 
４１, PP.７０７８（in Japanese with English abstract）.
５９） Imamura, H., Matsubara, M., Minayoshi, M., 
Kunikata, K., Imai, M., Nakamura, S., Kobata, 
D., Morii, H.（１９９２）“A criterion for evaluation 
of obesity in men based on the relationship be-
tween percent body fat and medical examination 
parameters.”　Jpn. J. Phys. Fitness Sports Med 
４１, PP.３２２３２９（in Japanese with English 
abstract）.
６０） Yataco, A. R., Busby-Whitehead, J., Drinkwa-
ter, D. T., Katzel, L. I.（１９９７）“Relationship of 
body composition and cardiovascular fitness to 
lipoprotein lipid profiles in master athletes and 
sedentary men.”　Aging（Milano）９, PP.８８９４.
６１） Donahue, R. P., Orchard, T. J., Kuller, L. H., 
Drash, A. L.（１９８５）“Lipids and lipoproteins in 
a young adult population.”　Am. J. Epidemiol 
１２２, PP.４５８４６７.
６２） Van Horn, L. V., Ballew, C., Liu, K., Ruth, K., 
McDonald, A., Hilner, J. E., Burke, G. L., Sa- 
vage, P. J., Bragg, C., Caan, B.（１９９１）“Diet, 
body size, and plasma lipids-lipoproteins in 
young adults: differences by race and sex. The 
Coronary Artery Risk Development in Young 
Adults（CARDIA）study.”　Am. J. Epidemiol 
１３３, PP.９２３.
６３） Brites, F. D., Evelson, P. A., Christiansen, M.
 G., Micol M. F., Basilico, M. J., Wikinski, R. 
W., Llesuy, S. F.（１９９９）“Soccer players under 
regular training show oxidative stress but an im-
proved plasma antioxidant status.”　Clin. Sci ９６, 
PP.３８１３８５.
６４） Brites, F., Verona, J., Geitere, C. D., Fruchart, 
J-C., Castro, G., Wikinski, R.（２００４）“Enhanced 
cholesterol efflux promotion in well-trained soc-
cer players.”　Metabolism ５３, PP.１２６２１２６７.
６５） Imamura, H., Tanaka, K., Hirae, C., Futa-
gami, T., Yoshimura, Y., Uchida, K., Tanaka, 
A., Kobata, D.（１９９６）“Relationship of cigarette 
smoking to blood pressure and serum lipids and 
lipoproteins in men.”　Clin. Exp. Pharmacol. 
Physiol ２３, PP.３９７４０２.
６６） Imamura, H., Teshima, K., Miyamoto, N., 
Shirota, T.（２００２）“Cigarette smoking, high-den-
sity lipoprotein cholesterol subfractions, and 
lecithin:cholesterol acyltransferase in young 
women.”　Metabolism ５１, PP.１３１３１３１６.
195
Blood Lipids and Lipoproteins in Soccer Players
６７） Imamura, H., Uchida, K., Kobata, D.（２０００）
“Relationship of cigarette smoking with blood 
pressure, serum lipids and lipoproteins in young 
Japanese women.”　 Clin. Exp. Pharmacol. 
Physiol ２７, PP.３６４３６９.
６８） Imamura, H., Miyamoto, N., Uchida, K., 
Teshima, K., Masuda, Y., Kobata, D.（２００１）
“Cigarette smoking, blood pressure, and serum 
lipids and lipoproteins in middle-aged women.”　
J. Physiol. Anthropol ２０, PP.１６.
６９） Gaziano, J. M., Buring, J. E., Breslow, J. L., 
Goldhaber, S. Z., Rosner, B., VanDenburgh, M., 
Willett, W., Hennekens, C. H.（１９９３）“Moderate 
alcohol intake, increased levels of high-density 
lipoprotein and its subfractions, and decreased 
risk of myocardial infarction.”　N Engl J Med 
３２９, PP.１８２９１８３４.
７０） Koppes, L. L., Twisk, J. W., Van Mechelen, 
W., Snel, J., Kemper, H. C.（２００５）“Cross-sec-
tional and longitudinal relationships between al-
cohol consumption and lipids, blood pressure 
and body weight indices.”　J. Stud. Alcohol ６６, 
PP.７１３７２１.
７１） Williams, P. T., Vraniza, K. M., Austin, M. 
A., Krauss, R. M.（１９９３）“Associations of age, 
adiposity, alcohol intake, menstrual status, and 
estrogen therapy with high-density lipoprotein 
subclasses.”　Arterioscler Thromb １３, PP.１６５４
１６６１.
７２） Williams, P. T.（１９９７）“Interactive effects of ex-
ercise, alcohol, and vegetarian diet on coronary 
artery disease risk factors in ９２４２ runners: the 
national runners’ health study.”　Am. J. Clin. 
Nutr ６６, PP.１１９７１２０６.
７３） Choudhury, S. R., Ueshima, H., Kita, Y., Ko-
bayashi, K. M., Okayama, A., Yamakawa, M., 
Hirao, Y., Ishikawa, M., Miyoshi, Y.（１９９４）“Al-
cohol intake and serum lipids in a Japanese 
population.”　Int. J. Epidemiol ２３, PP.９４０９４７.
７４） Langer, R. D., Criqui, M. H., Reed, D. M.
（１９９２）“Lipoproteins and blood pressure as bio-
logical pathways for effect of moderate alcohol 
consumption on coronary heart disease.”　Cir-
culation ８５, PP.９１０９１５.
７５） Bunt, J. C.（１９９０）“Metabolic actions of 
estradiol: significance for acute and chronic exer- 
cise responses.”　Med. Sci. Sports Exerc ２２, 
PP.２８６２９０.
７６） Lyons Wall, P. M., Choudhury, N., Gerbran-
dy, E. A., Truswell, A. S.（１９９４）“Increase of 
high-density lipoprotein cholesterol at ovulation 
in healthy women.”　Atherosclerosis １０５, PP.１７１
１７８.
７７） Azogui, G., Ben-Shlomo, I., Zohar, S., Kook, 
A., Presser, S., Aviram, M.（１９９２）“High density 
lipoprotein concentration is increased during the 
ovulatory phase of the menstrual cycle in 
healthy young women.”　Gynecol. Endocrinol 
６, PP.２５３２５７.
７８） Pronk, N. P.（１９９３）“Short term effects of exer-
cise on plasma lipids and lipoproteins in 
humans.”　Sports Med １６, PP.４３１４４８.
７９） Davis, J. A., Brewer, J., Atkin, D.（１９９２）“Pre-
season physiological characteristics of English 
first and second division soccer players.”　J. 
Sport Sci １０, PP.５４１５４７.
８０） McIntyre, M. C., Hall, M.（２００５）“Physiologi-
cal profile in relation to playing position of elite 
college Gaelic footballers.”　Br. J. Sports Med 
３９, PP.２６４２６６.
８１） Duscha, B. D., Slentz, C. A., Johnson, J. L., 
Houmard, J. A., Bensimhon, D. R., Knetzger, K.
 J., Kraus, W. E.（２００５）“Effects of exercise train-
ing amount and intensity on peak oxygen con-
sumption in middle-age men and women at risk 
for cardiovascular disease.”　Chest １２８, PP.２７８８
２７９３.
８２） Blumenthal, J. A., Matthews, K., Fredrikson, 
M., Rifai, N., Schniebolk, S., German, D., Steege, 
J., Rodin, J.（１９９１）“Effects of exercise training 
on cardiovascular function and plasma lipid, lipo-
protein, and apolipoprotein concentrations in 
premenopausal and postmenopausal women.”　
Arterioscler. Thromb １１, PP.９１２９１７.
８３） Kelley, G. A., Kelley, K. S., Tran, Z. V.（２００４）
“Aerobic exercise and lipids and lipoproteins in 
women: a meta-analysis of randomized con-
trolled trials.”　J. Womens Health（Larchmt）
１３, PP.１１４８１１６４.
８４） Cadore, E. L., Pinto, R. S., Pinto, S. S., Alber-
ton, C. L., Correa, C. S., Tartaruga, M. P., Silva, 
E. M., Almeida, A. P., Trindade, G., Kruel, L.F.
196
Hiroyuki IMAMURA，Kazuto ODA，Keiko MIYAHARA，Kayoko MATSUO，Yoshitaka YOSHIMURA and Kazuhide IIDE
（２０１１）“Effects of strength, endurance, and con-
current training on aerobic power and dynamic 
neuromuscular economy in elderly men.”　J. 
Strength Cond. Res ２５, PP.７５８７６６.
８５） Ferrari, R., Kruel, L. F., Cadore, E., Alberton, 
C. L., Izquierdo, M., Concei  o, M., Pinto, R. S., 
Radaelli, R., Wilhelm, E., Bottaro, M., Ribeiro, J.
 P., Umpierre, D.（２０１３）“Efficiency of twice 
weekly concurrent training in trained elderly 
men.”　Exp. Gerontol ４８, PP.１２３６１２４２.
８６） McMillan, K., Helgerud, J., Macdonald, R., 
Hoff, J.（２００５）“Physiological adaptations to soc-
cer specific endurance training in professional 
youth soccer players.”　Br. J. Sports Med ３９, 
PP.２７３２７７.
８７） Ruiz, J. R., Mesa, J. L. M., Mingorance, I., 
Rodr guez-Cuartero, A., Castillo, M. J.（２００４）
“Sports requiring stressful physical exertion 
cause abnormalities in plasma lipid profile.”　
Rev. Esp. Cardiol ５７, PP.４９９５０６.
８８） Zannella, A. M., Nakazone, M. A., Pinhel, M. 
A., Souza, D. R.（２０１１）“Lipid profile, apolipopro-
tein AⅠ and oxidative stress in professional 
footballers, sedentary individuals, and their 
relatives.”　Arq. Bras. Endocrinol. Metabol ５５, 
PP.１２１１２６.
８９） Lehtonen, A., Viikari, J.（１９８０）“Serum lipids 
in soccer and ice-hockey players.”　Metabolism 
２９, PP.３６３９.
９０） Tsopanakis, C., Kotsarellis, D., Tsopanakis, 
A. D.（１９８６）“Lipoprotein and lipid profiles of 
elite athletes in Olympic sports.”　Int. J. Sports 
Med ７, PP.３１６３２１.
９１） Imamura, H., Nagata, A., Oshikata, R., 
Yoshimura, Y., Miyamoto, N., Miyahara, K., 
Oda, K., Iide, K.（２０１３）“High-Density-Lipopro-
tein Cholesterol Subfractions and Lecithin: 
cholesterol Acyltransferase activity in Collegiate 
Soccer Players.”　Int. J. Sports Med ３４, PP.３９８
４０１.
９２） Rahnama, N., Younesian, A., Mohammadion, 
M., Bambaeichi, E.（２００９）“A ９０ minute soccer 
match decreases triglyceride and low density 
lipoprotein but not high-density lipoprotein and 
cholesterol levels.”　J. Res. Med Sci １４, PP.３３５
３４１.
９３） Sotiropoulos, A., Papapanagiotou, A., Souglis, 
A., Giosos, G., Kotsis, G., Bogdanis, G. C.（２００８）
“Changes in hormonal and lipid profile after a 
soccer match in male amateur players.”　Ser-
bian J. Sports Sci ２, PP.３１３６.
９４） Brooks, G. A., Fahey, T. D., White, T. P.
（１９９６）Exercise Physiology（second ed.）Human 
Bioenergetics and its applications, Mayfield Pub-
lishing Company: Mountain View, CA, USA.
９５） Sawka, M. N., Burke, L. M., Eichner, E. R., 
Maughan, R. J., Montain, S. J., Stachenfeld, N.
 S.（２００７）“American College of Sports Medicine 
position stand. Exercise and fluid replace- 
ment.”　Med. Sci. Sports Exerc ３９, PP.３７７３９０.
９６） Maughan, R. J., Shirreffs, S. M., Merson, S. 
J., Horswill, C. A.（２００５）“Fluid and electrolyte 
balance in elite male football（soccer）players 
training in a cool environment.”　J. Sports Sci 
２３, PP.７３７９.
９７） Maughan, R. J., Watson, P., Evans, G. H., 
Broad, N., Shirreffs, S. M.（２００７）“Water balance 
and salt losses in competitive football.”　Int. J. 
Sport Nutr. Exerc. Metab １７, PP.５８３５９４.
９８） Maughan, R. J., Merson, S. J., Broad, N. P., 
Shirreffs, S. M.（２００４）“Fluid and electrolyte in-
take and loss in elite soccer players during 
training.”　Int. J. Sport Nutr. Exerc. Metab １４, 
PP.３３３３４６.
９９） Shirreffs, S. M., Aragon-Vargas, L. F., 
Chamorro, M., Maughan, R. J., Serratosa, L., 
Zachwieja, J. J.（２００５）“The sweating response 
of elite professional soccer players to training 
in the heat.”　Int. J. Sports Med ２６, PP.９０９５.
１００）Kurdak, S. S., Shirreffs, S. M., Maughan, R. 
J., Ozg nen, K. T., Zeren, C., Korkmaz, S., Ya-
zici, Z., Ers z, G., Binnet, M. S., Dvorak, J.
（２０１０）“Hydration and sweating responses to hot-
weather football competition.”　Scand. J. Med. 
Sci. Sports ２０（suppl. ３）, PP.１３３１３９.
１０１）Bloomer RJ, Farney TM.（２０１３）“Acute 
plasma volume change with high-intensity 
sprint exercise.”　J. Strength Cond. Res ２７, 
PP.２８７４２８７８.
１０２）Dill, D. B., Costill, D. L.（１９７４）“Calculation 
of percentage changes in volumes of blood, pla-
ma, and red cells in deyydration.”　J. Appl. 
197
Blood Lipids and Lipoproteins in Soccer Players
Physiol ３７, PP.２４７２４８.
１０３）Manna, I., Khanna, G. L., Dhara, P. C.（２０１０）
“Effect of training on physiological and bio-
chemical variable of soccer players of different 
age groups.”　Asian J. Sports Med １, PP.５２２.
１０４）Krustrup P, Nielsen JJ, Krustrup BR, Chris-
tensen, J. F., Pedersen, H., Randers, M. B., Aa-
gaard, P., Petersen, A. M., Nybo, L., Bangsbo, 
J.（２００９）“Recreational soccer is an effective 
health-promoting activity for untrained men.”　
Br. J. Sports Med ４３, PP.８２５８３１.
１０５）Randers MB, Petersen J, Andersen LJ, Krus-
trup BR, Hornstrup T, Nielsen JJ, Nordentoft 
M, Krustrup P.（２０１２）“Short-term street soccer 
improves fitness and cardiovascular health 
status of homeless men.”　Eur J Appl Physiol 
１１２, PP.２０９７２１０６.
１０６）Krustrup P, Hansen PR, Randers MB, Nybo 
L, Martone D, Andersen LJ, Bune LT, Junge A, 
Bangsbo J.（２０１０）“Beneficial effects of recrea-
tional football on the cardiovascular risk profile 
in untrained premenopausal women.”　Scand 
J Med Sci Sports ２０ Suppl, １, PP.４０４９.
１０７）Franceschini, G., Maderna, P., Sirtori, C. R.
（１９９１）“Reverse cholesterol transport: physiology 
and pharmacology.”　Atherosclerosis ８８, PP.９９
１０７.
１０８）Kantor, M. A., Cullinane, E. M., Herbert, P.
 N., Thompson, P. D.（１９８４）“Acute increase in 
lipoprotein lipase following prolonged exer- 
cise.”　Metabolism ３３, PP.４５４４５７.
１０９）Kiens, B., Richter, E. A.（１９９８）“Utilization 
of skeletal muscle triacylglycerol during postex-
ercise recovery in humans.”　Am. J. Physiol ２７５
（２ Pt １）, PP.３３２３３７.
１１０）Herd, S. L., Kiens, B., Boobis, L. H., Hard-
man, A. E.（２００１）“Moderate exercise, postpran-
dial lipemia, and skeletal muscle lipoprotein 
lipase activity.”　Metabolism ５０, PP.７５６７６２.
１１１）Harrison, M., Moyna, N. M., Zderic, T. W., 
O’Gorman, D. J., McCaffrey, N., Carson, B. P., 
Hamilton, M. T.（２０１２）“Lipoprotein particle dis-
tribution and skeletal muscle lipoprotein lipase 
activity after acute exercise.”　Lipids Health Dis 
１１, P.６４. doi:１０.１１８６/１４７６５１１X１１６４.
１１２）Ohashi, R., Mu, H., Wang, X., Yao, Q., Chen, 
C.（２００５）“Reverse cholesterol transport and cho-
lesterol efflux in atherosclerosis.”　Q. J. M ９８, 
PP.８４５８５６.
１１３）Gupta, A. K., Ross, E. A., Myers, J. N., 
Kashyap, M. L.（１９９３）“Increased reverse cho-
lesterol transport in athletes.”　Metabolism ４２, 
PP.６８４６９０.
１１４）Imamura, H., Iide, K., Yoshimura, Y., Kumagai, 
K., Oshikata, R., Miyahara, K., Oda, K., Miyamoto, 
N., Nakazawa, A.（２０１３）“Nutrient intake, se-
rum lipids and iron status of colligiate rugby 
players.”　J. Int. Soc. Sports Nutr １０, P.９.
１１５）Frey, I., Baumstark, M. W., Berg, A., Keul, 
J.（１９９１）“Influence of acute maximal exercise on 
lecithin:cholesterol acyltransferase activity in 
healthy adults of differing aerobic perfor- 
mance.”　Eur. J. Appl. Physiol ６２, PP.３１３５.
１１６）Williams, P. T., Albers, J. J., Krauss, R. M., 
Wood, P. D.（１９９０）“Associations of lecithin: 
cholesterol acyltransferase（LCAT）mass con-
centrations with exercise, weight loss, and 
plasma lipoprotein subfraction concentrations in 
men.”　Atherosclerosis ８２, PP.５３５８.
１１７）Wallace, M. B., Moffatt, R. J., Haymes, E. 
M., Green, N. R.（１９９１）“Acute effects of re- 
sistance exercise on parameters of lipoprotein 
metabolism.”　Med. Sci. Sports Exerc ２３, PP.１９９
２０４.
198
Hiroyuki IMAMURA，Kazuto ODA，Keiko MIYAHARA，Kayoko MATSUO，Yoshitaka YOSHIMURA and Kazuhide IIDE
